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CENTER FOR ANVANCEN COMPUTATION REPORT SUMMARY 


This is ἃ final semi-annual report on ARPA Contract 
DAHCH4-72-C-AAA1L, entitled, “ILLIAC IV Appications Research at 
the Center tor Advanced Computation, University of Tllinois at 


Urbana-Charvainn." 


Durina this period work was performed in the _ following 


ereas; 


1. Nevelopment of numerical technioves suitable for 
paral'el processing. 


2. ILLIAC IV multisnectral image processing 


3. Research in distributed computational systems of 
heterogeneous computers. 


4. Research and development of network access 


The maior thrust of the numerical techniaques work was in the 
area of comnvutational linear algebra, Several narallel 


alaorithms developed during this time period are described. 


The Pattern Information Processing Group of CAC has expiored 
the develonment of ILILIAC IV-ARPA Network multispectral image 
analysis svstem for diqital interpretation of larqe quantities 
multisvoectral reconnaissance imagery, in collaboration with the 
Laboratory for Annlication of Remote Sensinq (LARS) of Purdue 
Mmiversityv. The complete system has been desiqned and 
implemented to take full advantage of: The ILLIAC IV, the UNICON 
rata Computer, timesharinag PDP=-TENEX processors, the ARPA 


Network, and CAC’s local PD)P=-11 computational facilities. 
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The Nictributed Systems Group, formed in 1973, hase conducted 
research in daietributed computation svstems comrosed of 
heteroaeneore cormnuter evsteme, Results are described in the use 
of PEL/) as a camnatible lanquagqe for implementina Aistributed 
sveters, in wrocess to nrocess nrotocols: and in the economics of 


Gierribvted comnutina, 


The Network Access Svsteme Crour, formed in 1973, evolved 
from sunnort activities for the initial staaes of this contract. 
The firal efforts in the Mark TI, ANTS Networks Svstem and the 


PFFSPO! comrriler are aescrihed, 
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I. APPLIFNM MATHEMATHICS GROUP 


A, Goals and Objectives 


The main ohjective of the Applied Mathematics Group was the 
Aevelopment of alaorithms that are most suitable for parallel 


corputers (namely the ILLIAC iv) in the following areas: 


(i) Computational Methods in Linear 
Alaebra 


(11) Linear Programming 

(iii) Partial Differential Eouations 
(iv) Time Series Analvsis 
(v) Graph Alqorithms 


(vi) Approximation 


Our major thrust however, was item (i). 


PR, Major Accomplishments 


All the algorithms developed in the above areas have been 
Aehvaged on the ILLIAC ΙΝ simulator running on the Rurroughs 


26700 computer at the University of California at San Dieqo. 
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(Accessed throuth tne ARPAnet). Some of the alaorithnms are 
writter in SK, the watio itv, however, are written in  ALGOL. 
Recently we have run successfully several alaorithms on the 
IELIAC IV itself (Fast Fourier Transforms, Fiqgenvalue’_ routines, 


are our linear rroararmina vackaae). 


The tirina comnarisons we obtained on the ILLIAC IV were not 
ac ποὸο as those on the simulator. we helieve that this is due 
to the terrorarv akscence of some of the desian features from the 


machine canfinauration. 


C. Comrutational Linear Alaehra 


Tn the area of Comrutational Linear Alaebra_ we have 


Jdevelonred the following varallel alcorithms: 


(a) folution of Svstemse of Linear Favations: MNense 
1. faussian Flimination for solvina ἃ system of 
linear ecuations (non-core-contained), [1]. 


2. Houceholder’s trianaularization of a ccree- 
contained (320), [2]. 


3. Svrmetric decomnosition af vositive - definite 
hand matrices, [3]. 
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(Ὁ) Fiaenvalue Problem: 


1. A owarallel Jacobi methed for finding tte 
eigenvalues of a real symmetric matrix [4, 5 
and 6]. 


2. A parallel alaorithm for reducing ἃ real 
matrix to the upper-Hessenberq form using 
orthogonal transformations, [7, 8]. 


3. The OR «“ alaorithm for findina the eiaqenvalues 
of an upper-Hessenherg matrix, [9]. 


Δι A Jacobi-like algorithm § for findina the 
eigenvalues and vectors of a real nonsymmetzic 
matrix, [4 and 6]. 

5S. A modification of the bisection method for 
finding few or all of the eiuvenvalues of a 
symmetric tridiaaonal matrix, [10]. 

6. The inverse iteration method for finding few 
or all of the eiqenvectors of a syrmetric 
tridiadqonal matrix, [10]. 

7. A qeneralization of the simultaneous iteration 
method for findino the eiagervalues and vectors 


in any aiven interval of 2 smarse symmetric 
matrix, [ll]. 


rm, %‘GLinear Proarammina 


In the area of linear programming, the program implementing 
the revised simnlex aloorithm was larqely written: however, it 
was not debuasted with larqe data bases. This was mainly due to 
lack of commlete documentation of the ILLIAC IV 1700. Since this 
T/O denerdence nroved to be a stumbling block in the early months 


ef the JLLIAC IV availahility, we decided to consider a new 
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alaorithm [{12, 13] due to Gill, Murray and Saunders (see _ also 
[14]}. It was this new algorithm, for core-contained problems, 
tnat was dehuqaee and tested on the ILLIAC IV. Good results have 
been obtained, i.e. solutions are the same as those obtained by 


MPS/360. 


E. Partial Differential Equations 


In the area of partial differential equations an extensive 
Study of iterative and direct methods for solving the Poisson 
equation oii the ILLIAC IV was completed. Several algorithms were 


modified asd implemented, [15]; 


]. Stecessive Overrelaxation method (MSLOR, MSOR) 
2. Alteinatina-Direction Imvlicit method (ADT) 


3. Modified Yockney s method (MFACR) 


Also a parallel modification of the Block-Jacobi iterative 
method for solving elliptic partial cifferential ecuations has 


been implemented on the {LILIAC IV [16]. 
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A study of the identification of linear and nonlinear 
8] differential equations q.ven noize contaminated 
ohservation of their solutions (state vectors) was undertaken and 

everal alaorithms were developed that are sSuital‘!e for parallel 


Pisin eal 1 G2 


+. “yreeSeries Analvsis 


The main contribution in the area of time-series analysis is 
‘ast Fourier Transform, (one dimensional), subroutine that has 
‘or extensively tested and used on the ILLIAC IV. Several grandh 


'oorithms have also been implemented: 


1. A modification of Warshall’s alaorithm for 
detectina whether a aqiven matrix is irreducible, 
was demonstrated to be 29,#WA times faster than 
its sequential counterpart on the B6700 = for 
sizes less than 7,000 [19]. 


2. Ar al)oorithmr for cliaue detection [20]. 


“. Anrroximation of Functions 


Finallv in the erea of annroximation of functions, methods 
tor thre simultaneous uniform fittina of sets of curves with 
certaip narareters in common have heen developed using linear 


‘roaratrina. [721]. 
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TI. PICTORIAL PATTFRN INFORMATION PROCESSING RESEARCH 


A, Introduction 


In cunrvort cf the earth resources monitorina objectives of 
the FRTS/FROS prcoarams of NASA and USGS, and in support of the 
IVTLIAC ITV anrlication proaqrams of NASA and ARPA at Ἀπὸ Research 
Center, the Pattern Information Processing Croup of CAC has 
exolored the develonment of an ILLIAC IV-ARPA Network 
multisrectral image analvsis svstem for digital interpretation cf 
larqe quantities of multispectral reconnaissance’ imagery. This 
work was undertaken with the collaborative support of the 
Taboratorv for Applications of Remote Sensing (LARS) of Purdue 
"niversityv. Suonlementary support for these efforts was received 


fror the Statetical Renortina Service (SRS) of USDA. 


The complete svstem was desianed and implemented to exploit 


the full cavahilities of: 


(1) The ILLIAC IV for mage crocessina calculations: 


(2) The UNICON Data Computer of the ILGLIAC IV Conplex 
for storaqe and retrieval of numerous 
rultispectral imaae files; 


(3) The time-sharing PNP-TENEX yprocessors of the 
ΤΠ ΙΑ IV Complex for small-scale interactive 
Iman® analysis; 


(4) The ARPA Network for decentralized user access to 
the system; 
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(5) The IBM 360/91 at UCLA for larae~scale image 
processing and aqeoqranhic registration 
nrocedures: and 


(6) CAC’s ΡῆΡ- 11] comoutational facilities for in- 
house image processing and display research. 


RR, JP,LIAC IV πὴ Interrretation Alaorithms 


Following the LARS methodoloay of multisnectral imaqe 
interpretation, mnarallel alaorithms were develoved for hoth 
cluster analvsis ard statistical classification of multisnectral 
imane date, Poth ASK and GLYPNIR imnlementations of these two 
alsorithrs are now onerational on the IJILLIAC IV and used 


routinelv within CAC image nrocessing research. 


Fxnerience with the ASK versicns of these two alaorithms 
Au-ina the last vear indicates that the ILLIAC IV could be as 
much as two orders of maqnitude more cost-effective tran either 
the NFC PNP={TENEX or TRM 368/67 for interpretation of 

multisvectral imaqerv usina statisticl classification 

techniques. Alaorithms develoned in CLYPNIR, while easily 
nroarammed and modified within alaorithm development research 
activities, tend to execute eahot six times slower than 
corresnondina AS¥ alaorithms. Also, the availability of 32-bit 


erithmetic within ASK contributes substantiallv to the 
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attractiveness of ASK for image processing applications, despite 


the aiiditional programming difficulties. 


TITTTAC ἱ{ν 6 block=-correlation algorithms are also now 
onerational for multipole image reqistration and overlay 


procedures. These alaorithms were coded only in CLYPNIR. 


C.  TImaae Processing Data Management Systems 


TLLTAC IV imaae processing systems now operational employ 
TPpo-=TENFX data management subsystems resident on ARPA Network 
FOF-TFNEX corputers at I-4/Ames and FRN. The PDP-TENFX data 
manacerent systems at RRN allow interactive tape retrieval of 

erecfic multisnectral image files and automatic transfer of 
these files via the ARPA Network to NASA/Ames for ILLIAC IV 
mrocessing., The availability of tape units on the ILLIAC IV 
TFNEX for aenerael image rrocess arplications would qreatly 
enhance the convenience of the ILLIAC IV Complex for imsae 
mnrocessing research. When available to users, the UNICON Data 
Comruter shovld provide data management services of the scale 


recujlred for onerational ILLIAC IV image processing applications. 
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NM, Interactive ARPA Metwork Imane Processing 


Considerable research was conducted at CAC during the last 
two vears to aesess t.:e potentials of the ARPA Network aS 4 means 
toward decentralization of ILLIAC IV imaae processing 
cevahjilities, and to nmrovide access to other image processing 


coftware svstems heina developed. 


Concerned initially with the develorment of basic software 
for simulation of alternative multispectral δῖ manaqement and 
oroceesing svetemse that miaht he imolerented at NASA/Ames- usina 
the fNTCON Pata Comnuter and nerinheral PRP-TENFY vcrocessors in 
coniunction with ILLIAC IV rrocessina, CAC develoned an 
interactive multisnectral imaqe analvsis svstem that is now 


onerational on a number of PDP=TFENFEX comnuters on the network. 


Nesianee to he addressed throuqah low-cost nortabhle 
terminals, the system allows interactive selection of imaqe 
analvsis windows from multisrectral imane data tapes, terminal 
nrinter Ajsnlav of the imasae data within these windows, 
interrretation of this data usina statistical voattern recoqnition 
techniaves, and terrinal printed-character display of 
intercretations. Such interactive data manaocerent and analysis 
cavahilities areatlyv facilitate the delineation of imaae 


resolution elements corresnondingag to areas of gqround truth 
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| information. For the present, the nature of portable terminals 
and Ajial-un telephone data transmission rates restricts use of 


i the svster to smallescale multispectra] image analvses. These 


cvstems are currently being used however bv NASA, USGS/CI, and 


: Ι EPS/USDA, 


r. Other Image Processing Research Activities 


I Access to the ILLIAC IV. and numerous other computational 
Ϊ facilities of the ARPA Network allowed CAC to devetlono 
considerahle exnerimental software for araphical display of 
rmultisnectral imaae data. Using remote processing and terminal 
» outnut devices at CAC, software was develoned for plotter = and 
ἐν line rrinter disztiay of EPTS satellite imagery aqeometrically 
corrected to overlay USGS maps at snecific scales and map 
nmrojections. A modest research effort involved interactive image 
mrocessina using the IMLAC and Comoutek CRT devices at CAC. 
AAAitionallyv, research was conducted toward the development of 
“ Tore apnropriate numerical] measures of ovoattern information 
᾿ correlation of the type reauired by template-matching pattern 

recoanition methodologies and hicck=-correlation image 

reaistration techniaues. This research now points toward auite 


aqeneral mathematical models of pattern intormation processina. 
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Pit. ΓΙ TRI PUTER SYSTEMS 


A, Introduction 


The Pietributed Svstems Groun (DSC) was formed in 1973 to 
conreuct research in distributed computation systems composed of 
heterogeneous comnvter systems, MSC has investigeted the use of 
PL/1) as a comnatible lanavane for implementing distrihuted 
eveters: it has investiaated onrocess-to-nrocess crotocols;: and 


and it has invectiaated the economics of Aistrihuted compnutina, 


Be PVA 


The flexibility and nower of PL/1, counled with its wide 
availahilitv, make it an attractive lanquaage for use ina 
heterondenesous environment. The PL/] comnatihility study 
completed in fRecemher, 1973 indicates that it would he reasonable 
to use PI./] as a comnatible laenauade for the implerentation of 


fietribured svstems. 


C. Network Protocols 


The sctudv of resilient nrocess-to-rrocess protocols was 
comrleted in June, 1974. Two major conclusions arcse from this 


studyv. The first is that it is feasible (anda. for some 


ales 
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anplications desirable) to develoo aeresiltient multi-level 
mrotocol to sunrvort a network utility. The second conclusion is 
that attempts to implement such ἃ resilient process-level 
rrotocol would te fruitless without first re-desiqning all 
lower-level protocols so they too are -ither resilient or so that 
low-level failures can be detected and the protocol reset to an 


acpronriate state for higher level recovery. 


N. Network Economics 


A series of henchmarks desianed to oauantif, tne cost 
effectiveress of various network hosts on a full cost-recovery 
hasis was comoleted. The benchmarks tested the capability of 
each host in the areas of number crunching, bit and char2cter 
etrina haneling, file manipulation, and console management. The 
results of these benchmarks indicate that distributed systems 
implemented on dissimilar computers can have hiaher performace, 
higher reliabilitv, and lower cost than would be possible on a 


sSinale compoutation facility. 
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IV Network Access Svsters 


A. INTROPUCTION 


The Network Access Svstemrs Group, 


the fall of 1973, 


the heainning of this cntract. 
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formal:y established 


The Network Access Svstems Grown 


ctaff were essociated with the followina contract activities: 


{{0{ΠΠ|ᾧᾺ0Ὃ0 
consultation. 


2. Studv of the 


atmosrheric 


CGalvrorn ia. 2 © 


TV docurentation, 


applicandility 
Aavnamic 
with NSF surpnort. 


Coorerative develonment with 
San 


user education and 


Of TLEIAC ΑΚ -in 
calculations in conjuncv/on 


the Universitv οὗ 


Pieqao of a Network Control 


Proaoram for the P67f—. 


Particication 
develorment, 


the 


in 
narticularly in aranhics. 


Arnlications sunvort in the area of aranhics 
University 


AFDA Network protocel 


for 


of Jllinois” Laboratory for 


Atmosnoheric Research. 


PNP-1] and the 


(ANTS, Mark 
for 

ANTS 
Ketwork, 
Lawrence 


for a 


Cormand., 


. Pevelonment of δ hardware interface 
IMP. 


Neveloertrent of the ARPA 
I), 

its develonmrent 
number 
1 ΘΔ 
Livermore 
California at Los Angeles, 
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R, DPevelooment of a software interface for the 
University of Tllinois PLATO system to the ARPA 
Network through ANTS, Mark I. 


9, Nevelopment of ANTS, Mack II and its support at a 
number of ARPA contractur facilities. 
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These activities have been reported in previous semi-annuai 


=e 
ι norts. The followino reports on the aroups’ activities in the 
ἢ final six month ohese of the ARPA contract. 
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R, ANTS Mark JI 


Foliowingn the compleciion of check-out for levels ὁ and 1 on 
the ANTS Mark IT svsten attempts were made to compile a comrlet: 
evsterm includina the Network Control Proaqram, (NCP), Telnet, and 
the terminal handler. The resultant comnlete system wes found to 
he too larae for the 28k of addressable core on the PDP 11/56. 
After revoeated efforts to reduce the size of the system hy 
selective vrunina and elimination of unneccessarv features, a 
workira version of AKTS Mark II was obtained. This svstem 


sunnorted the followine feutures in the terminal handler: 


Line and character editina; 

Simu]ated hacksnace ard line feed; 

“ultinle network conrections from a terminal; 
Character at a time or line at a time mode; 


Local or remuie echo. 


However, the reliability of the svstem suffered oreatlyv as a 
result of core constraints when the number of loadqed-in terminals 


exceeded four. 


Chile efforts were underway to solve the memory constraints 
and reliatilityvy mrohlems, handlers were written for the LV-1] 


crinter, the NDH=-1] mrultin.exor and NECtaves. A system was 
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completed for the UCLA=-Network Measurement Center usinca the DH-1]] 
driver, and saw limited service. Also a system was compiceted 
usinda the Very Pistant Host interface and the RKO@5 Gdisk system at 


l..ircoln Laboratories. 


In ὃ related activity, a system was comoviled for the Army 
“aterial Commard, which provides a limited RJE canahbility from 
the Rallistics Research Laboratory at Aberdeen, Marvlarni to the 
Mahility Research and Nevelopment Center at Fort Relvoir, via the 


APPAnet. Also TELNET access is available to the network from 


PHT 


A simrnlified file svstem was devised which would use a 
naring convention comnpatihle with DEC’s disk oneratina system. A 
major rortion of the code for the file svstem was completed in 
the waning months of the contract, but was not completed and 
checked out. Similarly, desians for FTP, NETRJE, and magnetic 


tanes were completed only through the initial staqes. 


An effort was undertaken to provide the PEESPOL compiler 
with the canahbility of binding separately compiled modules 
tonether to form a comnlete code _ file. This version of the 
compiler was successful to the voint that the nredecessor, Mark I 
AWTS, was comniled and working with this compiler. However, the 
nature of the ANTS Mark II svstem has imnosed several prohlems 


for this version of the comniler. After considerable effort to 
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compile a version of Mark II with the new compiler it became 
clear that the benefits to be derived from this effort would not 
outweigh its cost. The files were archived and this portion or 


the PEESPCL effort was terminated. 


C. IMP Interface 


During the months of June and July, the reference manual for 
the PDP-11 to IMP Interface was revised. A set of diagnostic 
preqrams got a thorough break-in aS a result of ἃ successful 
attempt to identify and correct a hardware problem with our IMP 
Interface. A manual describing the nature and operation of these 


diaaqnostic procedures was produced. 


D. Conclusions and Implications for the Future 


Over the span of some three and one-half years under the 
ILLIAC IV Applications contract, the group which came to be known 
as the Network Terminal Systems Group, has been working οὔ the 
Subtask of providing a reliable and economic means of accessing 
the ARPAnet. These efforts, combined with interaction amongst 
various similar working groups at other network nodes, hav2 lead 


to the following conclusions: 
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The ΡΏΡ- 11] to IMP interface which was designed and 
constructed as ἃ part of this subtask, has served 
it’s purpose well. Several of these units are still 
in daily cperation, including two units at Illinois 
and units at RRL, Ft. Belvoir, UCLA, Utah, New York 
Univecsity, and NASA Ames. The unis operate well, 
in spite of the fact that they were Jesiqned with th 

proven technoloay of five years aqo. Today s 
technoloayv mak2s it possible to design and construct 
the same functional unit at a lower cost. The 
aroundswell of network support for the PDP-]l]l] as a 
mMini=-host has even made it cost-effective for the 
Digital Equipment Cornoration to include a PDP=-1] to 
IMP interface in their line of peripherals. 


The ARPA Network Terminal Syste. (ANTS Mark 1) has 
been in use at the University of Illinois since 
Septemher 1971. In spite of tne conditions under 
which it was developed (a deadline to qet on the net, 
no manufacturers sottware bevond paper tape software, 
reneated difficulties with the Β6700 at that time, 
etc.) it has been a hiahlv efficient and reliable 
means of access to the network for Telnet, CCNRJS, 
and limited maanetic tapve and printer retrieval of 
files from the network. Network throughput 
etatistics for June of 1975 show this system to 
handle more network trafiic than any of the more 
recently developed PNP-1] svstems. Perhaps because 
of its limited design qoals, it supports more Telnet 
connections than δὴν of the more recent PDP-)]1 
systems, and svupvnorts features that are recently 
beina added or asked for in the TIP (user loain, 
nassword, accounting; local or remote echo; to name 
two). 


The notion of a proaqrammingq language used on one 
machine to produce code for another, such as the 
PFFSPOL effort, iS commonly accepted as the most 
effective way of oroducina code for PDP-1] network 
eystems in the ARPAnet community. Although the 
lanauage was intended orimarily for onerating systems 
code, and unfortunatel, depended largely upon. the 
machine structure of the Burroughs B6706, it aid 
establish that a higher level languaqe can be 
effectivelv used for the development of codes for a 
mini-comnuter, and its use can he geographically 
indenerdent because of the access via the ARPAnet, 
The meta-vrogramminga capabilities of this compiler 
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represent a sianificant devarture from traditional 
lanquagqes available for coding in a mini-computer. 


The ANTS Mark II effort, was not highly successful as 
a completed and reliably functioning system. In 
retrosrect, several] thinas are apparent that ovoerhaps 
should have heen earlier, and it ig a matter of 
conjecture as to which of tiem was most responsible 
for the failure of the system to meet its early 
rrorice, 


For systems reaquirina only Telnet access, the 
cimnlest desian is the most desirable. This is 
necessary in order to maximize throuvuahnrut = and 
is achieved at the expense of elahorate file 
handling, local user proc? ses, and user aids 
such as command comrletion and in-line “heln" 
functions. Generality in the operating esvstem 
turned out to he prohibitivelv exvensive in 
terms of core snace and reneated handling of 
Single cheracters. The aoal of a aeneralized 
svstem in Σ 24k core=contained version was not 
attainable, and the svstem desian was so 
nointed at tke qeneralized system that it could 
not he conveniently reduced to a small snecial 
mnurnose (Telnet) hiah throuvahput syster. 


When the aoal if a aeneralized system fcr a 
rini-compouter such as the PNMP-1l , it must he 
recoonized thet hoth dick-swappina and memory 
management (as well as nlenty of memory) will 
he necessary. The comniler and the oneratina 
sveterm must both be desianed from the outset to 
excect and take advantagq2 of these elements. A 
simple overlav technrsione as used in ANTS Mark 
II is no adenuate substitute for a full 
Swaorina scheme. 


It seems unwise, hased on the experience with 
ANTS and recent exneriences with similarly 
directed efforts, to exnect a 5105] 6 syster 
desion to he exnardable from a 24k sinale- 
Ppurnose svstem to a 48k or larqer aqeneralized 
evstem which will support FTP, RJE, user files, 
editors, etc. Similarly, allowinq an _ effort 
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directed at the former to simply στον by 
addition of personnel into the latter, has 
again proven ‘o be unproductive. 


What was lacking in the beqinning was an 
acceptabie time-sharing system for the PDP-]1 
class of mini-computer. The ANTS Mark 11 and 
the ELF system both seem to try to correct that 
lack by evolving a terminal handling system 
into a time-sharing system. On the other 
hand, the large systems on the ARPAnet were 
already time-sharing systems (Tenex is the 
most notable example) that have had the network 
capability added. Such a system is 
complemented by the network rather than 

existing for the network. 
A recent addition to the expandina collection of availatie 
ΡΠΡ- 11] time-sharina svsters is the Unix system develoned at Bell 
Lahoratories. This system is ὃ stand-alone’ sharing time- 
sharina svstem in its own right and in its oriainal desian. 
Fortunately its ormanization, file structure, lanquage, etc., 
make it ἃ very viable svstem for local proarammina, as well as 
for connecting to the ARPAnet. The experience of working on NCP’s 
for two ANTS svstems and a Rurroughs R6708 made it possible for 
still another NCP and Telnet to be added to Unix in δὴ extremely 
short oeriod of time. (Although this work was completed after 
the ARPA contract had expired, and not under ARPA funding, the 


results are availahle to all licensed Unix installations as a 


courtesy. The advantage to Unix in this instance was the same 


as the advantage to Tenex: the system already worked, memory 


mananqement was an intearal part, the file system was well 
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estahlished, and the avorrorriate lanauage was in existence eat the 


outset of the network develonment work. 


For network annlications where local files and lanavages are 
needed and the network if a complement to the local facilities 
rrovicer, nix seems to be the most viable choice at the present 
tire. It also has’ sufficient canahilitv to he used in future 
Aevelonment of PDE-1] hased eystems for special murposes on 
ej7ilar or smaller PDP=11 ‘s for oramhics supvort, inter- 


machine connection, intelligent terminals, and other dedicated 


Tini-comnuter Aanolications. 
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ADMINISTRATION AND FISCAL STATUS 


Fxpenditures for the period October 1, 1974 through Necember 


31, 1974: 


Octoher S 88,479.46 
November 61,161.27 
December 14,406.68 


Remainina Obligations: ($194,554.53) 


Total Actual Exvenditures through December 3; 1974: 


$4,044,682.53. 
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